In our work, a compact model of an infrared radiation detector based on a LiTaO 3 pyroelectric material (lithium tantalate) is presented. Based on the developed model, the timedependent characteristics of the pyroelectric current, voltage and the surface temperature of such detector were calculated. The obtained results can be used in the development of detectors of thermal images of objects operating in the wavelength range from 3 to 15 μm.
Introduction
The systems for contactless detection of thermal images are widely used in various fields of human activity [1] . The principle of operation of these devices is the detection of thermal radiation from the investigated body with a special material that is sensitive to this radiation.
Progress in the development of infrared (IR) radiation receivers of the long-wave spectrum directly depends on the fulfillment of the following three key tasks: 1) increasing the signal-to-noise ratio, 2) enabling the receiver to work at room temperature, and 3) achieving spatial resolution acceptable for applied tasks [2, 3] .
During the search for physical principles and materials for detecting images in a given spectral range, materials were discovered that have spontaneous polarization, the magnitude of which depends on temperature. Such materials began to be called as pyroelectrics.
One of the most interesting types of pyroelectric materials is ferroelectrics, which has the highest sensitivity to IR radiation [4] . It should be noted that all ferroelectrics possess the properties of pyroelectrics. However, these properties appear only at temperatures below the Curie temperature.
Basic equations

Pyroelectric coefficient
The pyroelectric effect consists of the total contribution of the primary and secondary pyroelectric effects:
 to describe the primary pyroelectric effect, which characterizes the disordering of dipoles when the temperature of the pyroelectric varies (at temperatures ), a primary pyroelectric coefficient I p is introduced as the ratio of the amplitude of the spontaneous polarization vector (1)  to describe the secondary pyroelectric effect, which characterizes the piezoelectric contribution from the thermal expansion of a pyroelectric, a secondary pyroelectric coefficient II p is introduced in the form of a product of the piezoelectric coefficient  and thermal expansion coefficient  [6] :
Thus, the total pyroelectric effect is represented as the sum of the primary and secondary pyroelectric effects, correspondingly:
Hence, the total pyroelectric coefficient will be represented in the form:
where the coefficient p  can be estimated experimentally for the material of interest to us. In particular, the value of the total pyroelectric coefficient for
(see the data of reference tables in [7] ).
Pyroelectric temperature
To calculate the temperature of the pyroelectric, the heat balance equation [8] was used, which is valid for relatively thin films (having a thickness 10 dm   ):
where  is the surface power density of the heat flux from the heated object being detected,  is the absorption coefficient of incident radiation, th C is the heat capacity, th G is the thermal conductivity and T  is the pyroelectric temperature change.
The solution of equation (5), without taking into account the modulation of radiation, will be the analytical function
When describing the input surface density of thermal radiation, the Stefan-Boltzmann equation is used:
where e is the emissivity,  is the Stefan-Boltzmann constant,
Our model takes into account the heat loss of the pyroelectric material due to radiation through the component involved in the total thermal conductivity of the pyroelectric: ,
where pyro G is the thermal conductivity of the pyroelectric material, S is the pyroelectric surface area, pyro T is the pyroelectric temperature.
We will further assume in our simulation that 22 1.5 1.5 2.25 S cm cm    .
Pyroelectric voltage and pyroelectric current
When the temperature of the pyroelectric changes by T  during heating, the amplitude of the spontaneous polarization vector also changes by , which leads to a redistribution of charges on the  , which, in turn, can be simply calculated in the case of considering the IR radiation receiver as a flat capacitor with a capacitance : (9) Then, we get the next expression for the induced pyroelectric voltage:
(10)
Taking into account (1-4), equation (10) can be represented as:
From equation (11) it follows that the ratio of the pyroelectric potential V  to the temperature change T  at temperatures C TT  is a constant value:
Thus, the criteria for selecting the optimal pyroelectric parameters for the implementation of the maximum value of the pyroelectric voltage include: 1) the choice of material with the highest pyroelectric coefficient; 2) the choice of pyroelectric material with low dielectric constant; 3) optimization of pyroelectric film thickness.
The pyroelectric current was calculated as the limit of ratio of the charge change to the time interval t  :
Pyroelectric model
The pyroelectric model developed using Matlab Simulink software consists of two parts: 1) Function for calculating the temperature change of a pyroelectric film over time based on the solution of equation (5); 2) Function for calculating the time-dependent characteristics of the pyroelectric voltage and current, based on equations (5), (11) and (13). A block diagram of the algorithm of pyroelectric model is presented in Figure 1 . The parameters of the pyroelectric LiTaO 3 used in the simulation are shown in Table 1 
Results
Based on the developed model of the pyroelectric detector of IR radiation, the time dependences of the temperature of the pyroelectric, as well as the voltage and current generated in this case were calculated using formulas (5) , (11) , (13) correspondingly and presented in Figure 2 : , which has led to the generation of a potential jump and a the pyroelectric current .
Conclusions
Thus, we developed a pyroelectric model using the Matlab Simulink software package [11] . This model combines theoretical concepts of pyroelectric heating with incident infrared radiation and variation of the magnitude of the spontaneous polarization vector as a function of temperature, which makes it possible to obtain time-dependent characteristics of current, voltage, and temperature of the pyroelectric thin film, respectively.
From the dependencies of the current, voltage and temperature of the pyroelectric calculated within this model, it follows that the pyroelectric current decreases and the pyroelectric surface potential increases respectively during heating of the pyroelectric thin film, as shown in Figure 2 .
The results will be useful for further development of pyroelectric IR detectors. 
